This study investigated the factors contributing to a successful and sustainable elimination of iodine-deficiency disorders, drawing from salt fortification experiences in China, Indonesia, and Madagascar. Government officials, salt farmers, salt producers, and wholesalers were interviewed to collect data during field visits. Analyses used in the study include simple correlation, and wherever data permit, regression. The study found that measures crucial for combating iodine deficiency include raising public awareness of the disorders, ensuring easy access to iodated salt, promoting compliance in the salt industry, and monitoring and enforcement. Factors that ensure a reliable supply of iodated salt are equally important as those that create the demand for it. Governments must ensure that surveillance and enforcement mechanisms are functioning right from the time that salt iodation is made compulsory. For sustainability during later years, the adequacy of iodine in iodated salt must be monitored, and incentives must be modified as needed to increase compliance rates in the salt industry. Once national coverage of iodated salt reaches over 90%, the government can concentrate on fine-tuning and targeting resources at areas with a low consumption of iodated salt. Elimination of micronutrient deficiencies has a long-term impact on public health; moreover, poorer segments of the population, who are more vulnerable to such deficiencies, have more to gain from fortification programs. Thus, lessons from the successful elimination of iodine-deficiency disorders are valuable for future similar micronutrient activities.
Introduction
Motivation for the study Prevention of micronutrient deficiencies enhances human development and economic well-being. Although economic development and higher incomes will usually ensure adequate caloric intake, they do not guarantee an adequate intake of micronutrients. This is partly because most micronutrients are present only in selected types of food, but also because people do not have a natural hunger for vitamins and minerals.
The World Development Report 1993 [1] found micronutrient programs to be among the most costeffective of all health interventions. A comprehensive and sustainable approach to address deficiencies of micronutrients, such as iodine, iron, and vitamin A, would cost less than 0.3% of the gross national product (GNP) a year; in contrast, because of these deficiencies, as much as 5% of the GNP would be lost to deaths, disability, lower educational attainment, and decreased productivity.
Iodine deficiency is well documented as the most easily preventable cause of mental retardation, and its elimination is a recognized priority in the field of nutrition and public health. Although a minute quantity (100 to 150 µg per day) of iodine suffices to ensure a person's iodine adequacy, iodine-deficiency disorders (IDD) remain a major public health problem in many countries. Goiter, stillbirths, miscarriages, neonatal and thyroid deficiency, mental defects, cretinism, spastic weakness, and lesser physical and mental malfunctions are known collectively as IDD.
In 1998 about 740 million people still suffered from IDD [2] , a reduction from 911 million in 1990 [3] . The goal of this study was to provide recommendations on how IDD can be effectively controlled. More broadly, the study also draws lessons for future involvement in micronutrient fortification programs and other interventions of a similar nature.
Background
Studies have found that iodine supplementation improves the learning capacity of schoolchildren and reduces the costs of curative medicine [4] . Farm animals share with humans the risk of iodine deficiency at all stages of growth. Iodated salt for animal consumption can improve animal reproduction and the yield of milk and meat, as well as the iodine content of food [5] . A 1994 World Health Organization (WHO)/UNICEF study [6] reported that if consumer salt contains at least 20 ppm of iodine it will ensure that the minimum requirement is met for many domestic animals. There is no apparent risk of toxicity for any class of animals, even if salt contains more than 200 ppm of iodine.
Fortunately, iodine deficiency is one of the simplest micronutrient deficiencies to address. It can be corrected by periodically supplementing the deficient population with iodated oil capsules or other preparations, or by fortifying a commonly eaten food with iodine. In most developing countries, salt iodation has usually been the first large-scale experience in fortifying a food nationwide. If a developing country can effectively institutionalize measures to eliminate iodine deficiency, then addressing deficiencies in vitamin A and iron may be less daunting.
Several foods are possible vehicles to introduce iodine into the daily diet, but salt has become the most commonly accepted. Salt is one of the few commodities that is universally consumed daily, regardless of income, in a small and constant amount; mixing an iodine compound with salt produces no adverse chemical reaction; iodated and noniodated salt are indistinguishable; and the cost of iodation is low, normally in the range of US$0.02-0.07 per kilogram, which is less than 5% of the retail price of salt in most countries. Iodated salt has been cost-effective and successful in eliminating iodine deficiencies for more than 80 years [7] . Unfortunately, in some countries iodation has been an excuse for price-gouging of the poor by charging up to seven times more for salt with iodine [8] .
Distribution of iodated oil capsules is still considered a valuable short-term measure. Until iodated salt is widely available, distribution of capsules is appropriate and necessary. Even after iodated salt becomes the primary vehicle to deliver iodine, iodated oil supplements can still play a complementary role. In China, iodated oil capsules are still distributed to pregnant women, newly married couples, children from zero to two years old, and the entire population in areas with at least 2% of cretinism. Similarly, in Madagascar, iodated oil capsules are still being distributed in areas with high IDD prevalence
Overall the provision of incremental iodine through properly iodated salt is safe and has few, if any, side effects [9] . Complications of iodine supplementation can be avoided by adequate and sustained monitoring and control of the level of iodine in salt. Too rapid and massive an increment in iodine intake may carry risks for population groups with severe chronic iodine deficiency. The most serious complication for this group (mainly elderly people with nodular goiters) is the development of iodine-induced hyperthyroidism; the incidence of hyperthyroidism reverts spontaneously to the background rate (or below this rate) after 1 to 10 years of iodine supplementation. Other possible complications include aggravation or induction of autoimmune thyroiditis in susceptible individuals. The prevalence of this adverse reaction is very low and has yet to be clearly demonstrated by large epidemiological, metabolic, or clinical surveys [9] .
Approach
Analyses used in the study include simple correlation and, wherever the data permit, regression. Information was gathered by interviews with government officials, salt farmers, salt producers, and wholesalers during field visits to China, Indonesia, and Madagascar. Variables of interest in this study include coverage rates of iodated salt, iodine content in salt, and indicators for iodine status. Common indicators for assessing the iodine status of communities are urinary iodine and the prevalence of goiter among school-age children. Urinary iodine is a marker of dietary iodine intake; the median value in a healthy population is 100 to 200 µg/L. Values between 50 and 99 µg/L suggest mild iodine deficiency, whereas values of 20 to 49 and below 20 µg/L indicate moderate and severe deficiencies, respectively. A goiter is an enlarged thyroid, and its size can be determined clinically by palpation or ultrasonography.*
Analysis

Progress in reduction of iodine-deficiency disorders
The three case-study countries have contrasting industry structures and different scenarios of progress. The Chinese edible salt industry is centrally controlled; the distribution network is monopolistic, and the production has province-specific organizational structures. In Indonesia, over 70% of the salt supply comes from a multitude of small, competing salt farmers. Similar to Indonesia, Madagascar's salt industry is a competitive one, although six large producers supply as much as 80% of its salt for national consumption.
China
Salt iodation began in the 1950s in China, and the sale of iodated salt was concentrated in areas of high IDD prevalence. After 1990, the government required mandatory salt iodation nationwide.
Since 1995, there has been a dramatic reduction in iodine deficiency. The national mean coverage of iodated salt (i.e., the proportion of households consuming iodated salt) reached 93.9% in 1999 (table 1). The quality of salt at the household level has also improved; coverage of qualified iodated salt (salt with an iodine content of 20 to 60 ppm) increased from 30% in 1995 to 81% in 1999. The total goiter rate for children nationwide declined from 20.4% in 1995 to 8.8% in 1999. The reduction in total goiter rate during earlier years was a result of both the distribution of iodine oil capsules and increased consumption of iodated salt. Since capsule supplementation was discontinued in 1998, improved iodine status in the population can be assumed to be a result of the use of iodated salt.
In 1999, with the exception of Fujian, Hainan, Qinghai, Xinjiang, and Xizang (Tibet), coverage of iodated salt at the household level reached over 85% in 26 provinces, autonomous regions, and municipalities and over 95% in 18 of them. Iodine-deficiency status, as measured by the proportion of 8-to 10-year-old schoolchildren with enlarged thyroids or low levels of urinary iodine, was found to be highly correlated with the coverage of iodated salt in the vicinity. Evidence in China supports findings elsewhere that as long as iodated salt reaches its population, iodine deficiency disappears. In some areas of western China, the addition of iodine by drip to irrigation water has been effective. IDD still persists in some remote areas of China.
Indonesia
In Indonesia, salt iodation began under Dutch rule in 1927 but ceased in 1945 when the salt monopoly was disbanded. Efforts to combat iodine deficiency began again in 1976, but progress was limited, for three reasons. First, information on the iodine status of the population was not widely available. Second, responsibility and accountability for enforcement were unclear within the government. Third, there was no mechanism for coordination among the various ministries involved and the private sector. The Indonesian Government re-embarked on a nationwide IDD control program in the mid-1990s. However, progress has been slower than expected, because underlying problems of poor accountability and weak enforcement remain. In addition, the regional financial crisis has brought about economic and political turmoil in Indonesia that still affects a large part of the country today.
The national coverage of iodated salt (> 5 ppm) at the household level increased from 78.2% in 1995 to 81.5% in 1999, while the coverage of qualified iodated salt (30-80 ppm) rose more substantively, from 49.8% in 1996 to 63.6% in 1999 (table 2) . Total goiter rates fell from 37.2% in 1980-1982 to 9.8% in 1996-1998 (table 3) , but it is important to note that the three rounds of surveys on goiter prevalence are not perfectly compatible, and the information is at best a rough comparison. During 1996-1998, 8.4% of Indonesian subdistricts (with 8.8 million inhabitants) were still classified as having severe levels of endemic goiter (table 4) . A test on schoolchildren in 1999 found that 23% percent of them had urinary iodine levels less than 100 µg/L. About 33% had levels of 100 to 200 µg/ L, and 44% had levels over 200 µg/L. Information on urinary iodine of children is taken from the ThyroMobil Surveys of 29 countries, which included Indonesia. Part of the summary findings from the ThyroMobil Surveys were reported in the ICCIDD Report 1999, presented by the International Council for Control of Iodine Deficiency Disorders in the 27th Session of the Sub-committee on Nutrition in Washington, DC, April 10-14, 2000.
It is unclear whether reduced goiter prevalence is primarily a result of supplementation with iodated oil capsules or improved coverage of qualified iodated salt [9] . The most recent survey indicates that oil capsule coverage of pregnant women was less than 20% in 76% of districts, and only 3% of districts had coverage of over half of the pregnant population [10] .
Madagascar
Unlike China and Indonesia, salt iodation in Madagascar only began in the early 1990s. IDD was prevalent among the population in the highlands; their condi- 
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Achieving and sustaining salt iodation
Although salt iodation is technically a straightforward process, its large-scale implementation often involves political, administrative, technical, and sociocultural changes. IDD awareness that creates demand for iodated salt and enforcement and compliance in the entire salt sector are essential factors for successful and sustainable salt iodation. Once iodation of salt is established as a permanent measure, it prevents recurrence and virtually eliminates iodine deficiency.
Awareness of IDD
In many countries, communities perceive goiter as normal, and the lack of awareness also exists among health workers and decision makers. Uninformed consumers who resist change will be an obstacle to eliminating IDD, whereas informed consumers who demand iodated salt will become a self-sustaining force.
High-level political commitment in China initiated the iodation program and sustained its momentum. Health officials and the salt industry have also intensively promoted public awareness of IDD through many channels, ranging from advertisements on public buses to editorials in newspapers. In Madagascar, besides using standard informational campaigns, the Ministries of Commerce and Health publicize their "check-and-seize" operations, which confiscate noniodated salt. Similarly, government commitment and the use of radio, television, traditional drama, teachers, and village health volunteers were effective in Ecuador and Bolivia [7] .
In China, awareness of IDD among provincial governors has brought about prompt action. For example, when Guangxi changed its governor, commitment to IDD control in remote villages lapsed. Direct sale of iodated salt to remote villages stopped, and indicators of iodine deficiency deteriorated. However, after the new governor was informed, efforts resumed and the situation was reversed. Smuggling of noniodated C.-C. Goh salt was rampant in bordering counties in Shandong, Henan, and Hebei Provinces. These areas are designated economic development zones, and local governments tend to adopt a laissez-faire attitude. However, publicity implemented by salt officials through television and newspapers has motivated local governments to act. In contrast, mobilization of local governments to support IDD control in Indonesia has been limited, and the interest of leaders is generally lukewarm. Accountability and responsibility for enforcement are unclear among central ministries, provincial governments, and local governments. One approach to address recalcitrant and unabated incidence of IDD is to seek commitment directly from district heads (Bupatis). Another is to involve communal nongovernmental organizations (e.g., Persatuan Kesejahteraan Keluarga and Nahdlatul Ulama), mosques, and schools in monitoring salt, using low-cost field test kits to increase awareness and community participation.
Access to iodated salt
Despite its importance, public awareness will be futile if adequately iodated salt is not easily available to the population. Some 40% of rural households in Indonesia have cited nonavailability of iodated salt in grocery shops as their reasons for consuming noniodated salt, while only 14% cited price as a factor [17] . In Indonesia, the correlation between IDD knowledge and willingness to purchase iodated salt, as shown in figure 1 , is significantly positive at 0.87 (standard error of 0.09). However, the public is not necessarily more aware of IDD in provinces with high coverage of iodated salt. In provinces with coverage of over 80%, the proportion of the people who know about IDD ranges from 49% to 81% ( fig. 2 ). There are similar findings where there was no correlation between the population's knowledge of IDD and coverage of qualified (30-60 ppm) iodated salt in provinces with more than 85% of coverage [18] .
Similarly, there is no statistically significant correlation between public awareness of IDD and iodated salt coverage in China (fig. 3 ). The average scores on knowledge of IDD range between 72 and 92 for provinces with high coverage (over 85%); they also range between 71 and 94 for provinces with low coverage (less than 85%). Such findings indicate that knowledge of IDD that creates demand for iodated salt is a necessary but not sufficient condition to ensure consumption of iodated salt. A reliable supply of iodated salt for the population is equally critical. The importance of access to and availability of iodated salt is illustrated by the example of Lhasa, where in 1998 the Chinese Government established a salt factory to address the difficulty of delivery from coastal producers to inland Xizang. According to Ministry of Health officials, analysis Combating iodine deficiency of the 1999 National Household Survey suggested that iodine status in the greater Lhasa area has since improved significantly.
Compliance with iodation
To ensure effective iodation and distribution of iodated salt, given the limited public resources and capacity in developing countries, governments must align incentives vis-à-vis the self-interests of parties involved (the salt industry and the consumers) at the appropriate levels (production, distribution, and retail) so that they will willingly police one another. In many cases, persuasion and direct assistance from governments may also be necessary to motivate the industry to cooperate and comply with iodation. In China, besides its effective formal enforcement, the monopolistic structure of the salt industry is creating additional incentives for wholesale distributors to police and uproot unauthorized salt. In provinces such as Fujian, Guangdong, and Liaoning, where many local residents produce sea salt of variable quality, the China National Salt Industry Corporation stepped in to facilitate the sale of raw salt to larger salt plants and to refinement centers for iodation. Such support to small licensed producers is an attempt to reduce the amount of noniodated salt in the market. Ecuador emphasizes a good relationship with producers by instituting annual information and motivational meetings. Bolivia stresses cooperation from small salt manufacturers, and Cameroon achieves compliance from the country's sole refiner. These are the major reasons for their success with iodation [7] .
In Madagascar, authorities may need to consider shifting their focus from noncomplying small salt producers to distributors. Small salt producers are numerous, elusive, and uncontrollable, whereas distributors are few and more manageable. Since all salt producers sell through the wholesale channel, authorities can provide disincentives (confiscation or fines) to discourage wholesale distributors from purchasing noniodated salt. Distributors' demand for iodated salt may be more effective in motivating salt producers to iodate.
In Indonesia, noniodated salt comes from two sources. First, salt farmers sell raw, noniodated salt to grocers or consumers. Some 25,000 salt farmers supply 80% of the total raw salt (90,000 tons/year) to about 300 salt-processing plants to process and iodate, while state-owned PT Garam produces and processes the other 20%. Second, many salt-processing plants do not iodate as required. National Indonesian Standard (SNI) licenses are given to producers that have fulfilled certain criteria regarding salt quality and internal quality control. Only 40% of its 182 salt-processing plants had obtained the SNI licenses by May 2000. In 2000, the Ministry of Industry and Trade had just begun to work together with salt producers to help them secure SNI licenses. Enforcement at the retail level is crucial, since 30% of the population buy salt from a market vendor and 60% buy it from grocery shops. The remaining 10% of the population purchase salt from other sources (e.g., salt from door-to-door salesmen or raw salt in the area). There is no significant difference between urban and rural inhabitants [17] . Some disincentives may be imposed on grocery stores to deter them from selling noniodated salt. Similarly, salt farmers must be discouraged from peddling their raw, noniodated salt in the market.
In addition to penalties, assistance may be necessary. First, the Ministry of Industry in Indonesia may need to extend assistance (technically and financially) to processing plants to facilitate their compliance with iodation. Second, problems of liquidity constraint faced by salt farmers must be addressed. Raw salt is sold to processing plants, usually on credit, through intermediaries. Hence, salt farmers who are cash-constrained with a tight profit margin prefer to peddle their raw salt, albeit illegally, in the market. If authorities can intervene to improve farmers' terms of trade with salt-processing plants that are certified (with the National Indonesian Standard), through moral suasion or subsidies of iodate for processing plants, salt farmers may have greater incentives to sell to them.
Grouping Indonesian salt farmers into cooperatives may help strengthen their bargaining position; moreover, micro-credit can be extended through the cooperative to ease the salt farmers' liquidity constraints before the salt harvest. Conditions for micro-credit can be stipulated so that salt serves as collateral and members have incentives to monitor one another on repayment. However, a careful study must be undertaken before proceeding with a micro-credit program, since potential benefits can be nullified by weak enforcement.
Enforcement
Besides aligning incentives to promote compliance, governments need to monitor the industry closely. Many countries have legislation on mandatory salt iodation, but enforcement is more critical. Given that consumers cannot easily distinguish between noniodated and iodated salt, the government must strictly enforce that salt sold to the population is appropriately iodated. Frequent testing of iodine content at production sites and periodically at intermediate points in the distribution network, retail outlets, and households, as well as effective enforcement, has been characteristic of successful programs. Ecuador and Brazil sampled salt on a weekly basis at production plants during early phases of the fortification program. Bhutan has developed a systematic monitoring and reporting system for iodine content at production, distribution, and consumption sites, where reports are reviewed centrally C.-C. Goh every month. In Ecuador, legal sanctions in the form of fines and newspaper publication of noncompliant brand names are also used [7] .
In China, the industry has its comprehensive internal surveillance system at all manufacturing stages, and health officials make regular visits to producers, distributors, retailers, and households to examine salt samples. The provincial governments of Hunan and Tianjin reimburse their health bureaus for carrying out tests on salt samples. In other provinces, the testing of salt samples is either financed solely by the salt industry or shared between industry and the health sector.
In Indonesia, there are monitoring activities at the production, market, and household levels, but no follow-up corrective actions have been taken. A comprehensive IDD mapping for all Indonesia has been implemented, but it is extremely costly, and the benefits may not be large enough to justify such an exercise. Instead, in a more cost-effective exercise, the Department of Statistics, with the project's funding, has included several questions on iodated salt in its yearly household surveys (SUSENAS). Such a supplementary survey is very helpful in providing information on coverage and consumption rates of iodated salt, effectiveness of informational campaigns, demand factors, and regional lapses in supply. Sampling of urine among primary schoolchildren can be undertaken during the survey. It is unclear whether the Department of Statistics will continue with the survey on consumption of iodated salt in the SUSENAS.
A large amount of data has been collected since 1996, but because of inconsistent sampling frameworks, very little analysis has been done. Available data in the island provinces of Java and Bali indicate that coverage of iodated salt did not improve much between 1997 and 1998 ( fig. 4 ). Except for a few kabupatens (districts), Combating iodine deficiency the proportion of salt samples with adequate iodine has fallen and the proportion with no iodine has risen. Table 6 shows that in all but one kabupaten of East Java (with consistent data), the proportions of noniodated salt sold at the market level have actually risen between 1998 and 2000 [19] .
Monitoring systems must also include rapid analysis and dissemination of data to inform the authorities of necessary corrective actions. In China, data collection and analysis of monitoring activities and progress are undertaken at the Technical Center of International Cooperation Program on IDD (Ministry of Health). In Madagascar, the Division of Nutrition Services (Ministry of Health) has the sole responsibility for overseeing iodine laboratories and monitoring iodine status. In contrast, dissemination of information is slow in Indonesia. Several agencies are charged with monitoring at various levels, and information is sent to different agencies to be processed. Inconsistency and incompatibility among data further complicate analysis and dissemination.
Quality control
Quality control is important in salt iodation. Monitoring iodine content not only ensures adequacy of iodine intake but also prevents hyperthyroidism, which can be triggered by excessive iodine intake after prolonged deficiency. The following analysis highlights the importance of quality control in reducing IDD.
Regressions on China's 31 provinces, autonomous regions, and municipalities in 1995, 1997, and 1999 analyzed the impact of iodated salt coverage and salt quality on total goiter rates. Robust standard errors were calculated in the regressions to reflect correlated cluster effects of states between years. Total goiter rates include grades 1 and 2 goiter. The median value of iodine content (ppm) in the samples measures salt quality. Two indicators of iodated salt coverage are used: the percentage of salt within the range of 20 to 60 ppm, and the percentage of salt with at least 5 ppm iodine. The latter indicator is used in most countries to quantify coverage. Table 7 shows that when the quality proxy (iodine content in salt) is included in the regression, the effect of coverage of iodated salt on C.-C. Goh total goiter rates falls sharply. Thus, iodine content, and not merely the presence of iodine, in salt determines the reduction in IDD. Weak quality control for iodation programs in Madagascar risks reversing the progress made thus far. Control of iodine content in salt has been poor. The coverage of iodated salt is almost universal, but the iodine content of the salt varies widely. Table 8 shows that barely half of the salt samples fall within the qualified interval of 30 to 60 ppm iodine. For example, in Antananarivo, the minimal iodine content in its samples is only 7.4 ppm, whereas the maximum reaches 209 ppm. La Companie Salinière de Madagascar, the only plant with internal quality-control units in Madagascar, has supplied its home province of Antsiranana with salt of more consistent quality. Its salt samples were well within the interval of 27 to 48 ppm of iodine. Another effective means of monitoring iodine sufficiency, neonatal screening, was not used.
Intervention in problematic areas
Non-salt-producing remote areas
When national coverage of iodated salt reaches over 90%, monitoring mechanisms and enforcement can be considered to be effective. The remaining problems often lie in pockets of poverty in remote areas, where access is difficult and the population is uninformed. By direct-sale methods, iodated salt can still reach the population, as long as raw salt is not readily available. In China, several provinces have implemented direct sale of iodated salt in villages. Guangxi, Hebei, and Shandong Provinces have been effective in persuading the inhabitants of mountainous areas to purchase iodated salt that is delivered directly to their villages.
However, in other provinces, where local authorities were not committed, wholesalers were unable to collect payment for their shipments, and delivery ceased. Similarly, access to iodated salt is difficult in many remote villages in Indonesia. Intervention by subdistrict heads in the direct sale of iodated salt through local nongovernmental organizations such as the Women's Welfare Organization (Persatuan Kesejahteraan Keluarga) or the Organization of Religious Leaders (Nahdlatul Ulama) will be necessary.
Salt-producing regions
In regions where raw salt is readily available, the directsale approach often breaks down. In China, inhabitants with easy access to salt hills, dehydrated salt lakes (e.g., Xinjiang), or sea salt (e.g., Jiangsu) refuse to pay for salt. However, officials have found that inhabitants of salt mountains of Xinjiang purchase refined salt in the market, but it is considered a superior product that is used solely to pickle vegetables and meat. In Indonesia, the use of noniodated salt at the household level is rampant in salt-producing provinces, ranging from 23% in East Java to 48% in South Sulawesi in 1999 [11] . At the market level, half of the salt sold in salt-producing provinces bears no trademark or company name on the packaging [20] . In such cases, enforcement must be strengthened.
To tackle the remaining problems in areas where the population is unreceptive to the benefits of iodated salt, authorities must identify the reasons for not consuming iodated salt and formulate alternative remedies accordingly. Is it just habit and tradition? Is the price of iodated salt a deterrent when raw salt is easily available? Is it poor awareness of IDD? In some cases, increasing public awareness may be sufficient to address the problems; however, in others, iodating well water or water Combating iodine deficiency 290 for irrigation may be a more effective means to deliver iodine to the population. Alternatively, distribution of oil capsules or injection of time-release iodine oil every few years to a nomadic population in remote areas may be the solution.
Discussion
Although this study focused narrowly on salt iodation, recommendations from experience with IDD may be more broadly applicable to other food-fortification programs. When food fortification is chosen as the strategy to address micronutrient deficiencies, issues related to encouraging acceptance of fortified food, on the demand side, and motivating the industry involved, on the supply side, are similar to those for salt iodation. Because consumers cannot easily differentiate between fortified and nonfortified goods, commodities with few producers should preferably be considered as vehicles to deliver micronutrients. This will greatly facilitate the government's role in monitoring and enforcement.
Findings
The case studies reaffirm outcomes elsewhere that consumption of iodated salt eliminates iodine-deficiency disorders and prevents recurrence. In turn, the population will only consume iodated salt if there is a reliable supply of it. In countries where endemic goiter is a public health problem, ideally all salt for human consumption should contain iodine. Because informed consumers cannot readily differentiate between iodated and noniodated salt, intervention by the government as a monitor and enforcer is necessary. Enforcement is also important, because the quality of iodation matters. Excessive intake of iodine may trigger hyperthyroidism in those with chronic iodine deficiency, whereas inadequately iodated salt is inefficient in ameliorating the iodine status of the population.
Recommendations
The lessons from salt-fortification activities can be generalized to all other food-fortification programs that address micronutrient deficiencies. The govern-ment must ensure that surveillance and enforcement mechanisms are functioning at the onset. Monitoring systems must also include rapid analysis and dissemination of data to inform authorities of corrective actions. In this light, responsibilities pertaining to control of micronutrient deficiencies (e.g., laboratories, data collection and analysis, and monitoring) can be consolidated under one division of a ministry (e.g., Health) to maximize the effectiveness of monitoring efforts and minimize bureaucratic friction among ministries. During the later years of food-fortification programs, the authorities can concentrate on quality-ameliorating measures, such as improving fortifying techniques to prevent large variance in the concentration of the micronutrient. Meanwhile, incentives may need to be modified to increase the compliance rate in the industry. Incentives (or disincentives) must be tailored according to industry structures and distribution networks to bring about total compliance with fortification. Incentives directed at the demand and profit interests of the industry can be adjusted to ensure a reasonable level of self-policing. In addition, persuasion and direct assistance may be necessary to motivate the industry to cooperate and comply.
Interventions may be necessary in areas with continued deficiencies. Direct subsidized sale of fortified food through village heads or local nongovernmental organizations may be used; other strategies utilizing different vehicles to deliver the micronutrient and supplementation through use of capsules or injection may also be considered as intermediate-term and longerterm measures.
